Materials and reagents
1 H and 13 C NMR spectra were recorded on a Bruker AM 400 spectrometer with tetramethylsilane (TMS) as an internal standard. High resolution mass spectrometry (HRMS) was performed using a Waters LCT Premier XE spectrometer. The UV-Vis spectra were recorded with a Varian Cary 100 spectrophotometer. Cyclic voltammograms were performed with a Versastat II electrochemical workstation (Princeton Applied Research) using a normal three-electrode cell with a Pt working electrode, Pt wire counter electrode, and regular calomel reference electrode in a saturated KCl solution. An amount of 0.1 M tetrabutylammonium hexafluorophosphate (TBAPF6) was used as the supporting electrolyte in CH 2 Cl 2 .
The starting materials 1, 1 2 1 and 6 2 were prepared according to our previous reports.
The intermediate 3 3 and 7 3 were synthesized via reported methods. THF was pre-dried over 4 Å molecular sieves and distilled under argon atmosphere from sodium benzophenoneketyl immediately prior to use. All other solvents and chemicals used in this work were of reagent grade and used without further purification. 68, 158.16, 149.55, 149.46, 148.53, 143.22, 139.87, 139.47, 135.76, 131.96, 131.57, 129.86, 125.46, 125.19, 124.81, 124.78, 122.19, 120.40, 115.68, 113.73, 107.42, 104.94, 69.32, 68.51, 45.25, 35.15, 33.65, 31.61, 29.23, 25.76, 24.43, 22.65, 20.83, 14 .08.
Synthesis of compound WS-52.
To a two-neck round-bottom flask, compound 4 (136 mg, 0.22 mmol), piperidine (0.5 mL), cyanoacetic acid (148 mg, 1.76 mmol), 20 mL acetonitrile were added. The mixture was heated at 80 °C for 8 h under argon. 157.48, 149.65, 149.33, 147.76, 142.69, 139.22, 135.65, 132.46, 131.08, 129.76, 125.67, 125.22, 124.52, 124.26, 123.17, 121.97, 119.82, 117.45, 115.60, 113.24, 106.86, 105.40, 99.32, 68.33, 67.84, 44.40, 34.80, 33.00, 30.99, 28.61, 25.19, 23.92, 22.08, 20. 147.18, 143.56, 140.16, 139.64, 139.23, 139.03, 136.47, 135.37, 131.51, 131.46, 129.77, 125.76, 124.93, 124.72, 122.69, 122.52, 119.98, 117.80, 115.66, 114.50, 108.30, 107.48, 105.48, 69.11, 68.48, 65.05, 64.58, 45.36, 35.08, 33.72, 31.59, 29.22, 25.75, 24.41, 22.63, 20.79 
Synthesis of compound WS-53.
To a two-neck round-bottom flask, compound 5 (112 mg, 0.14 mmol), piperidine (0.5 mL), cyanoacetic acid (118 13 C NMR (100 MHz, CDCl 3 , ppm): δ 157. 65, 154.25, 152.76, 148.34, 145.11, 140.18, 137.66, 135.36, 132.75, 132.60, 131.62, 129.81, 128.76, 127.28, 126.27, 125.83, 125.49, 125.13, 124.54, 124.27, 120.24, 116.61, 116.48, 115.54, 112.60, 112.02, 107.45, 69.27, 68.44, 45.45, 35.21, 33.75, 31.64, 29.30, 25.80, 24.48, 22.67, 20.84, 14.11 158.26, 154.12, 152.65, 149.09, 148.64, 144.24, 143.00, 140.88, 140.00, 135.43, 133.98, 131.82, 131.44, 129.84, 128.95, 126.89, 126.20, 125.92, 125.53, 124.81, 124.45, 120.38, 116.15, 115.76, 111.86, 107.38, 69.29, 68.52, 45.40, 35.25, 33.69, 31.63, 29.26, 25.79, 24.46, 22.67, 20.86, 14.11 . HRMS-ESI (m/z):
[M+H] + Calcd. for (C 45 H 41 N 4 O 2 S 3 ), 765.2392, found: 765.2388.
Synthesis of compound WS-54.
To a two-neck round-bottom flask, compound 9 (342 mg, 0.45 mmol), piperidine (0.5 mL), cyanoacetic acid (335 mg, 3.99 mmol), 20 mL acetonitrile were added. The mixture was heated at 80 °C for 8 h under argon. 
Synthesis of compound 11.
To a solution of compound 7 (440 mg, 1.24 mmol) in dry THF (30 mL), nBuLi (0.6 mL, 1.44 mmol) was added drop wise at -78 °C under argon. The solution was stirred at the same temperature for 1 h, and B(OCH 3 ) 3 (212 mg, 2.04 mmol) was added. After stirring at the temperature for 4 h, the mixture was gradually warmed to room temperature and used for the next Suzuki δ 157. 83, 149.21, 149.05, 148.19, 145.49, 145.18, 139.81, 135.91, 135.70, S10 132.28, 132.08, 129.86, 128.00, 127.81, 125.72, 125.50, 125.19, 124.84, 124.58, 124.52, 121.56, 120.58, 116.34, 115.65, 113.67, 112.05, 107.49, 69.38, 68.46, 45.34, 35.27, 33.64, 31.61, 29.27, 25.77, 24.42, 22.65, 20.84, 14 .07.
Synthesis of compound 12.
POCl 3 (182 mg, 1.19 mmol) was added in dry DMF (10 mL 13 C NMR (100 MHz, CDCl 3 , ppm): δ 182. 93, 158.41, 149.37, 149.07, 148.99, 147.98, 144.55, 141.35, 140.99, 139.58, 135.78, 132.27, 131.14, 129.88, 129.16, 128.25, 126.95, 125.18, 124.81, 124.74, 124.55, 124.04, 120.69, 120.46, 115.86, 115.72, 112.96, 107.41, 69.38, 68.53, 45.27, 35.30, 33.56, 31.60, 29.23, 25.76, 24.39, 22.65, 20.86, 14.08 
Synthesis of compound WS-55.
To a two-neck round-bottom flask, compound 12 (132 mg, 0.18 mmol), piperidine (0.5 mL), cyanoacetic acid (257 mg, 3.13 mmol), 40 mL acetonitrile 814.2525.
Fabrication of dye-sensitized solar cells
Working electrodes (12 μm nanocrystalline TiO 2 electrodes with a 4 μm scattering layer) were prepared and modified following the reported procedure. 4
The dye-loaded electrodes were prepared by dipping TiO 2 electrodes ( 
Electrochemical impedance spectroscopy (EIS)
Electrochemical impedance spectroscopy (EIS) for DSSCs was performed using a two-electrode system under dark with electrochemical workstation (Zahner IM6e). The spectra were scanned in a frequency range of 0.1 Hz -100 kHz at room temperature under a series of applied bias potential with a magnitude of the alternative signal of 10 mV and characterized using Z-View software (Solartron Analytical). 
SEM spectra of TiO

